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We describe a 12-lead electrocardiogram image of a pacemaker malfunction due to atrial lead displacement.
Facilitating the understanding of pacemaker timing cycles could explain the underlying mechanisms in this instance.
This review utilizes the feature of the ventricular safety pacing interval to discern between atrial lead displacement and
reversal.
 2012 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.
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The 12-lead electrocardiogram (ECG) showsintermittent ventricular pacing with two pre-
mature junctional extrasystoles of which the sec-
ond is followed by another junctional beat at a
cycle length of 1000 ms; (Fig. 1). Careful inspection
of the ECG reveals two closely coupled pacing
spikes with the first appearing to capture the ven-
tricle and the second spike seen within the QRS
complex itself, and with no apparent P waves.
The differential diagnosis for this phenomenon
was felt to be either atrial lead displacement
resulting in isolated ventricular capture or lead
reversal at the time of implantation. Careful anal-
ysis of the 12-lead ECG allowed differentiation be-
tween these two possibilities. The coupling
interval between the two pacing spikes measured1016–7315  2012 King Saud University.
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grammed to 150 ms. This suggested that lead
reversal at the time of implantation was unlikely
to be the cause of the sequential pacing spikes
as one would have expected the coupling interval
to have measured 150 ms. Moreover, the second
junctional beat following the PJE has not been
tracked as would have occurred with lead rever-
sal. The coupling interval of 110 ms is more consis-
tent with ventricular safety pacing (VSP). VSP is a
pacemaker function designed to prevent inappro-
priate inhibition of ventricular pacing due to far-
field sensing (crosstalk) which could otherwise
lead to asystole in pacing-dependent patients with
dual chamber pacing modes [1,2]. VSP results in
committed ventricular pacing in the presence of
a sensed event in the ventricular channel occur-
ring in the crosstalk window (CTW). The triggerProduction and hosting by Elsevier
Figure 1. A 12-lead ECG demonstrating a paced ventricular rhythm with three intrinsic junctional beats that are not associated with pacing
spikes. The paced ventricular beats are superimposed by two short-coupled spikes.
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that could be sensed in the ventricular sensing
channels, known as after-depolarization [1,2]. It
is usually given a shorter programming than the
normal physiological AV delay at (110 ms) to
prevent pacing on the T wave in case a premature
ventricular beat encroached on the CTW [1,2].
Hence, in this case, the cause of the sequential
pacing spikes was suspected to have been causedFigure 2. Magnification of the rhythm strip shows two short-coupledby atrial lead displacement resulting in inappro-
priate ventricular pacing. This, in turn, activated
VSP due to over-sensed output in the ventricular
sensing channels, resulting in the delivery of a
second pacing spike with a coupling interval of
110 ms. Subsequent programming to VVI mode
resulted in paced ventricular events without the
presence of pacing spikes within the QRS com-
plexes (not shown), in keeping with the suspicionpacing spikes, one preceding and one within the QRS complex.
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ment into the right ventricle was later confirmed
radiologically with a chest X-ray.
In conclusion, careful scrutiny of the 12-lead
ECG and some basic knowledge of pacemaker
function can help explain the cause of abnormal
pacemaker function. In addition to playing an
important role in preventing the inappropriate
inhibition of ventricular pacing, the presence of
VSP can provide valuable information when
determining the aetiology of unusual pacing
spikes on the 12-lead ECG.Disclosures
None.
References
[1] Ellenbogen KA, Wood MA, editors. Cardiac pacing and
ICDs. 4th ed.. Springer; 2005. pp. 265–321.
[2] Lloyd MS, El Chami MF, Langberg JJ. Pacing features that
mimic malfunction: a review of current programmable and
automated device functions that cause confusion in the
clinical setting. J Cardiovasc Electrophysiol 2009;20(4):
453–60.
